Renin activity (EC 3.4.99.19) Renin is a proteolytic enzyme (EC 3.4.99.19) that cleaves a plasma protein substrate to release angiotensin I. Angiotensin I is subsequently converted to angiotensin II, a potent vasopressor agent. Regulation of plasma renin activity plays an important role in the maintenance of normal blood pressure under conditions such as sodium deprivation (1); moreover, elevated renin levels in plasma constitute an important cause of hypertension in humans (2). The kidney is the primary source of plasma renin. However, in some strains of mice, submaxillary glands contain large amounts of renin, exceeding that of the kidney (3, 4) . Submaxillary gland renin is present in higher concentration in males than in females and can be induced in females by treatment with androgen (5-7). The submaxillary gland enzyme has been purified to homogeneity (8) and appears indistinguishable from mouse kidney renin (9, 10). Using two inbred strains of mice that differ widely in submaxillary gland renin activity, we have previously shown by segregation analysis that the susceptibility of submaxillary gland renin to induction by androgen is apparently mediated by a single gene (11). Although the possibility of variation in renin structure has not been excluded, this gene seems to regulate the synthesis of renin. We therefore propose to designate the gene renin regulator and the gene symbol Rnr.1 Rnrs and Rnrb are designated as symbols for alleles carried by SWR/J and C57BL/10J, the high and low reference strains, respectively.
duction by androgen, and Dip-i, a chromosome 1 Renin is a proteolytic enzyme (EC 3.4.99. 19 ) that cleaves a plasma protein substrate to release angiotensin I. Angiotensin I is subsequently converted to angiotensin II, a potent vasopressor agent. Regulation of plasma renin activity plays an important role in the maintenance of normal blood pressure under conditions such as sodium deprivation (1) ; moreover, elevated renin levels in plasma constitute an important cause of hypertension in humans (2) . The kidney is the primary source of plasma renin. However, in some strains of mice, submaxillary glands contain large amounts of renin, exceeding that of the kidney (3, 4) . Submaxillary gland renin is present in higher concentration in males than in females and can be induced in females by treatment with androgen (5-7). The submaxillary gland enzyme has been purified to homogeneity (8) and appears indistinguishable from mouse kidney renin (9, 10) . Using two inbred strains of mice that differ widely in submaxillary gland renin activity, we have previously shown by segregation analysis that the susceptibility of submaxillary gland renin to induction by androgen is apparently mediated by a single gene (11) . Although the possibility of variation in renin structure has not been excluded, this gene seems to regulate the synthesis of renin. We therefore propose to designate the gene renin regulator and the gene symbol Rnr.1 Rnrs and Rnrb are designated as symbols for alleles carried by SWR/J and C57BL/10J, the high and low reference strains, respectively.
In the current study we analyzed submaxillary gland extracts from control and androgen-treated female mice of 24 additional inbred strains for renin. Four informative sets of recombinant inbred mouse strains were identified and tested to confirm that the induction of renin by androgen is determined by a single gene and to locate this gene on the mouse linkage map. (11) . Renin enzymatic activity in the supernatant fraction was assayed essentially as previously described (11) . The (17) Reagents. Standard angiotensin I was obtained from Beckman. Antiserum to angiotensin I was the gift of T. F. GoodWe have symbolized the gene that controls the regulation of renin activity Rnr, in accordance with the terminology used by Paigen et al. (12) for genes that are involved in the realization of f3-glucuronidase activity in mice. With this terminology, the structural gene for renin would be symbolized Rns.
MATERIALS AND METHODS
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friend, University of Wisconsin. Antisera to mouse submaxillary gland renin and epidermal growth factor were the gift of T. Inagami and S. Cohen, Vanderbilt University. Angiotensinogen was prepared from hog serum by the method of Green (18) followed by chromatography on a preparative Sephadex G-150 column or was purchased from Miles Laboratories.
RESULTS
All inbred strains of mice tested fall into two distinct classes. SWR/J, AKR/J, AU/SsJ, BDP/J, BUB/BnJ, CBA/J, DBA/1J, DBA/2J, NZB/B1NJ, P/J, PL/J, RF/J, SJL/J, and SM/J produced immunodiffusion bands with antiserum to renin both before and after treatment with androgen. These strains are presumed to carry the Rnrs allele. C57BL/10J, A/J, BALB/cJ, CBA/CaJ, CE/J, C3H/HeJ, C57BL/6J, C57BR/cdJ, C57L/J, LP/J, SEA/GnJ, and SEC/lReJ produced no detectable immunodiffusion bands even when extracts from androgentreated animals were examined. These strains are presumed to carry the Rnrb allele.
We have employed recombinant inbred strains (19) Crossover of strains The single recombinant between'Rnr and Dip-i indicates that the two genes are not identical and provides a basis for the estimation of map distance. Estimation of recombination frequency from these data must account for the fact that there are multiple opportunities for recombination in the process of developing a recombinant inbred strain. As previously described (14) , the probability of fixation of a recombinant genotype (R) with respect to two loci that recombine with a frequency r is 4r/ (1 + 6r) . In the present case R is estimated to be 1/51 and the estimated recombination frequency (r) between Rnr and Dip-l is 0.0050 + 0.0052. The frequency of recombination between Rnr and aid is estimated to be 0.071 + 0.046 on the basis of 4 recombinants among 20 recombinant inbred strains. (Only the AKXL and the HP/Ei strains are informative in the latter case because aid is a recessive gene that has been found only in the AKR strain and its descendants.)
There is apparent linkage disequilibrium for Rnr and Dip-i among the inbred strains tested. All 14 high renin strains and four of the low renin strains (A/J, CBA/CaJ, CE/J, and C3H/HeJ) carry the Dip-lb allele, the remaining eight low renin strains carry the Dip-la allele (24, 25; T. Roderick, personal communication). The two CBA substrains differ with respect to the Rnr locus. These substrains were separated in 1932 and are known to differ at several polymorphic loci, including the Mls locus, which maps 17 recombination units distal to Dip-i on chromosome 1 (13) . The CBA strain was evidently heterogeneous with respect to several chromosomal segments at the time the substrains were established.
Quantitative estimates of renin activity in the recombinant inbred strains and in the progenitor strains from which these were derived are presented in Fig. 1 . Because the enzyme activity in each recombinant inbred strain after treatment with androgen is either like that of the low renin progenitor or the high renin progenitor, we conclude that variation at a single locus is responsible for the difference in activity between inbred strains after androgen treatment (21) . The separation between high and low strains is less clear cut in mice that have not been treated with androgen. The occurrence of some recombinant inbred strains with control submaxillary renin levels intermediate between those found in the progenitor strains suggests, as did our previous study (11) (11) is compatible with the possibility that the renin structural gene is also near the Rnr locus. Because no difference has yet been found between submaxillary renin and kidney renin from the same mouse strain, the chromosomal location of a gene that controls submaxillary renin is of particular interest. The human homologue of Dip-i is the structural gene for peptidase-C (PEPC) (28) , which has been assigned to the long arm of chromosome 1 of man by somatic cell hybridization (29, 30 
